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An investiga'bion was ma.de ‘o compare the crysta,l structure of
~-+the. predomipant phage af .températures’ of 12000, 15009, end, 18000 F
" 4n 10 wrought hea’c-res:lsting alloys wi'bh +he- crystal struc'bure,_
observed in the alloys at.rcom tempera‘ture. The following a.lons
" welre ‘investigated: S-816, $-590, Hastélloy B, 19-9,W-Mo, §-155,,
- 16-25—6 X-42-B, Inconel X, Nimonic 80, and type 347 stainless g‘l'.eel.
A‘fter -gpecimens of ea.ch alloy yere ma.:lntained. &t the various’ elevated.
temperatures for -1 hopr, obse:wa'bions were made of the crystal é'lmuc-

.~bure ‘of the alloy at_ the eleveted. femperatures, using a Geiger-. ,.';"
counter X-ray spectrome'ber modified’ far high-tempera'bure ‘X-ray. dif-
© fraction, studies. The all@y 19-9 W-Mo when Hegted, began £6 '!:r'ans-
form from-a. 'bwo-phase mix'bure of bod,y-cente:ced and face-cen‘tered. -
cubic structures to a singlé phase of face-centered cubic ‘structure
between- 1400° and 1450° F. The. transformation was completed .between
1450°- and 1500° F.- The" ¢other. nine alloys retained room-temperature
crystal structure up to a temperature of 18000 F.: A study of the.

" thermal-dilatation characteristics of the alloys up to 21500 F was
also made. None of the alloys, inoluding 19-9 W-Mo, showed discon-
tinuities in their dilatation. curved that were aecriba‘ble to a phase
tra.naforma'bion.
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portell aor, . mmowcnow . A o
’ 'I'IIe efficienoy of gas turbines ma,y ‘be raised by increasing the
" oparating temperature of the working fluid. . Current .gas mbines,
are, howeyer, required to operate below optimim témpersbures hecdnse
of limitations in elevated-temperature physical properties of” “tHe
materials from which the turbine parta-are. fabricated. . _ -
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The gas-turbine wheel, -the buckets, and the combustion-chamber
liners are the most frequent sources of failure in aircraft ges tur-
bines. Increages in operabing tewperatures or stresses accelerate
the raté of failure occurring in thess critical parts of the turbine.

The physical propert:les of alloys at elevated temperatures are
dependent to & large extent upon the stability of the alloys at these
temperatures. If the primary phase in the alloy should undergo a ‘
change in crystal, structure, for example, when heated to the operating
temperature of the turbine, some modification in the physical prop-
erties of the alloy would very likely occur with immediste effect
upaon the service life of the alloy in the turb:l,ne.

In order to detect the possible occurrence of phase changes at
elevated. temperatures in certain heat-resisting slloys, an investi-
gation was madé of the crystal structure at elevated temperatures and
at room temperature of 10 wrought alloys currently fised in gas tur-
bines. The crystal structure at room temperature of some of the
aIL'Loys bad been provionsly determihed (reference l) Data are pre- -
sented in thig paper from X-ray diffraction studies of the alloy .
crystal struotures and from thermal -diletation studies of the alloys.
The X-ray diffraction data were obtained with apparetus built egpe-
cially for elevated-temperature X-ray diffraction studies, Acknowl-
edgement is made to Dr. H. Friedmen and to Mr, L. S, Birks of the ™ *
U. 8, Naval Research Iaboratory, Anacostia Station, Weshington, D, C.
for !bhe:lr suggestions concerning the design of the a,ppara'bus.

X The 10. a.lloye ;lnvestigated were S-816, S-590, Ha.stelloy B,
19-9 W-Mo, N-155, 16-25-6, K-42-B, Incopel X, Mmonic 80,
type 347 stainless stesl.

APPARATUS AND FPROGEDURE
Specimens for both the X-ray diffraction investigation and the

thermel -dilatation investigation were ‘teken from round bar stock.
The X-ray specimens measured 1 by 1/2 by 1/8 inch and the dilatation

specimens, all 21 inghes in length, ranged from 1/2 to 1 inch in

diameter. - Nomina.l Chemtcal ccm_)ositions -of the 10 alloys are 1:Lsted.
“in 'table I. .

X-ray diffraction pattern's of the 10 allo':')rs ‘were-made on &
Gelger-counter X-ray spectrometer using Fe Ko radiation. The
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spectrometer wis modified as shown .in-figure 1 to .enmable X-ray.dif-
fraction studles of gpecimens at elevated temperatures under non-.
oxidizing conflitions. - This ‘modification was-accomplished by
replacing the specimen holder that wes supplied with the epectrom-
eter with the apparatus shown in figure 2.

The specimen was heated by & coil of tungsten wire embedded in
beryllium oxide. In order to-maintain a specimen temperature of
1800° F, a heater input of about 370 watts was required. A thermo-
couple was ‘welded on the face of the specimen Just'below the X~ray
beani. - The heater was supported by a ceramic reod to minimize heéat .
conduction to the base of the chember., The lower end of the sup-
porting rod was containsd in a cenﬁering flange that enabled the
specimen to be centered aceurately in the X-ray beam'and with '
regpect to the Geiger counter. The speciuen was surrounded by two
radistion shlelds; the one nearer the specimen wes nickel foll and
the outer shield aluminum foil. The. thermocouple wires and the
electrical leads to the heater passed through the base of .the
chanber, which was water-cooled. The wall of the chamber contains..
two windows of-0.010-inch celluloid fo -JE paseage of the X-ray beam.
The chamber was evacuated to about 10 millimeters of mercury by

an oll diffusion pump attached by a 1E-inch flexible metel hose to

‘the-outlet above the windows. Vacuum tight; demountable Joints
between the well and the-top and the base of the cbamber were
effected by the use of 1/16-:lnch syn‘bhetic rubber gaskets.

D:lffract:lon patternes were obtained with the Geiger counter
moving at such a rate that 6, the glancing angle of the X-ray
beam, changed at a rate of O. 5° per minute, -.The output.of the :
Gelger tube was automatically recorded as & function of, 9. X~-ray .
diffraction patterns of the 10-alleys were obtained for values
of 26 -between -the angles of 10° and 80° .at.temperatures of T0°,
1200°, 1500°, and 18000 F. This range of temperatures includes.
the normal operating tempera‘!:uree of the critical parte of curvent
gas turbines. Before the specimen was heated, a room-temperature
X-ray-diffraction pattern of each alloy was recorded. After spec-
imens of each alloy were maintained at the various elevated tem-
peratures for 1 hour,:diffragtion patterns were recorded at the
elevated temperatures. After permitting the specimens to. cool
room-temera‘bure :pa.'bterns were agaln reoorded.. .

A recording d,ila'bometer w;t'bh a me.gnif:lcat;on ratio of 110
was- used to obtain dllatation ourves of the salloys. The specimens
were heated at a rate of 20° F .per minute up to 10000 F,.and at
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5° F per minute above that temperature. Several dilatation curves
of each alloy were made. These data were cbtained to supplement
the X-ray date in the event that any of the alloys were, subject to
& phage change that would :prod.uce (A discontinuity in its thermal-
expangion curve.

RFSUI-TS ARD DISCUSSION

The interplansr spacihg values of the d.iffrac'bed lines obtained
from the primery solid solution of each alloy are listed in table II
for each temperature investigated. - With Fe Ko radiation, reflec-
tiong from only -the (111) and (200) planes of the face-centered-
cublo primary solid solution in the alloys :EaJJ. In the range of 26
from 10° to 80°,

All alloys-showed a shift in the dn'gleé of diffracted lines
because of normal thermal expansion of the crysta.l lattice, Although
the spectrometer is-unsuiied for accurate measurement of lattice
parameters, it could be remdily determined that at 1800° F the
lattice of each alloy had expanded abou'b 2 percen'b over 1%s room-
temperature valus,

One of the elloys, 19-9 W-Mo, showed a change in its crystel
structure at a temperature between 12000 and 1500° F. At 70° and
1200° F the alloy showed a line from the (110) planes of a body-
centered cubic phase in addition to lines from the (111) and (200)
plenes of a face-centered cubic phase., The intensity of the (110)
line was about one-fifth that of the (111) line. - At 15002 and
1800° F diffraction-lines from only the face-centered cubic phase .
appearsed.” An invesgtigation was then made. of the crystal structure
of the alloy at 50° intervals between 1200° and 15000 ¥, When :
heated, the two-phase structure hegan to transform to a one~phase
structure between 1400° gnd 1450° F, The transformation was
completed between 14500 and 15000 F.

With the exception of the alloy 19-9 W-Mo, all the slloys
investigated maintained a face-centered cubic etructure after
1 hour at ‘temperatures up to 1800° F, probably because of the high
nickel content. Nickel, a face-centered cublic metal, strongly
stabilizes the face-centered cubic geamma phase in iron and the
face-centered cubic bete phase in cobalt (reference 2). \

The alloy 19-9 W-Mo nominally contains only 0.1 percen'b carbon
with an excess of the carbide-forming elements tungsten, molybdenum,
columbium, and titenium. Any excess of these four elements affer
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carbide formation will tend to stabilize the body-centered eubic
alpha phase in iron. Because the alpha phage is present in detect-
able emounts in the alloy at 1450° F and lower, the nickel content
apparently 1s insufficient to counteract the effect of the excess
carblde-forming elements.

A typlcal dilatablon curve for each alloy is shown in figure 3..
None of the 10 alloys showed a digcontinulty in thermal expansion
at temperatures up to 2150° F, the highest temperature investigated.
It 1g of interest that the phase chenge occurring in 'the alloy
19-9 W-Mo d1d not noticeably effect its dilatation characteristics.

SUMMARY (F RESULTS
The following results were noted in an investigation of the
crystal structure at 70°, 1200°, 1500°, and 1800° F of the 10
wrought heat-resisting alloys S-816 8-590, Hastelloy B, 19-9 W-Mo,

N-155, 16-25-6, X-42-B, Inconel X, Nimonic 80, and type 347 stain-
less stoeel:.

1. The alloy 19-9 W-Mo when heeted began to transform from s
two-phase mixture of body-centered and face-centered cubic
structures to'a single phase of face-gcentered cubic crystel struc-
ture between 14000 and 1450° ¥, The transformation was completed
'be‘bween 1450° and 1500° F. ' )

2. The other nine alloys 1nvestiga'bed. re'bained their room-
temperature crystal structure at each temperature studied.

3. Thexmal-dilatetion curves of &ll the alloys investigated
showed no discont:lnuities in thermal expansion at temperatures up
'bO 21500 F. )

Flight Propulsion Research Iaboratory,
National Advisory Committee for Aeropsutics,
Cleveland, Ohio, Auguet 12, 1947,
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TABTE-T - NCMINAL CHEMIGAL COMPOSITIONS CF 10 WROUGHT
HEAT-RESISTING ALLOYS

Alloy Nominal chemicalcomposition, psrcent
. C _jOriHi|Col Mo | W Cb Ti. |Fe Other

s-816 0.4 jzol2oihl]. b {4 {4 [ .| 3
S-590 A ojeof2o|2ol & % b 25
Hastelloy B| .1 | (6L 29 5
19-9 W-Mo .1 |19} 9 13,3 4 L4168
N-155 .3 |2o0l20l20| 3 2 |1 32|¥ 0,1
16-25-6 A5]16125). 6 5.8 .2
K-42-B 05]18142l22 2.2l1kiax .2
Inconel X 05115173 ’ 1,12.5( 17
Nimonic €0 | .05|21|75{ L |2.5) - |AL .6
Type 347 .05(18{10 ‘45 T0

stainlesa )

steel

National Advisory Comnittee
for Aeronautics
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TABLE II - SPACINGS OF (111) AND (200) PLANES (F 10 VROUGHT
HEAT-RESISTING ARLOYS AT ELEVATED TEMPERATURES

Temperature, °F -
Alloy 70 | 1200 | 1500 | 1800
‘ Interplanar spaclng, 4, A
s-816 2,03 | 2.0k | 2,05 | 2.06
1.76 | 1.78 | .79 | 1.79
8-590 2,0k | 2,05 | 2.06 | 2.07
1.77 | 2.79 | 1.79 | .80
Hestelloy B{ 2.04 | 2,06 | 2,07 | 2.09
1,78 | 1,79 | 1.80 | L.81
19-9 W-Mo | 2,06 | 2,07 | 2,07 | 2.08
2.028f 2,028 cmnmecfo- SR
1.78 | 1.80 | 1.80 | 1.82
E-155 2,06 | 2,07 | 2.07 | 2.09
1.79 | 1.80 | 1.80 | 1.82
16-25-6 2,07 | 2,09 | 2.10-} 2.10
1.80 | 1.81 | 1.82 | 1.83
X-42-B 2.05 | 2.06 | 2.07 | 2.07
.78 | 1.791 1.79 | 1.80
Tnconel X | 2.03 | 2.0k | 2.05 | 2,06
, ) 1076 - 1.78 1.78 1079
Wimonic 80 | 2.05 | 2,05 | 2.06 | 2.07
. 1,77 | .78 | 1.79 | 1.80
Type 347 2,06 | 2.07 | 2.08 | 2.10
gtainless| 1.78 { 1.80 | 1.80 { 1.82
gteel

@Tnterplansr spacing for (110) plane
from a body-centered cubic phase that
does not exist in the alloy at the
two higher temperatures.

National Advisory Committee
for Aeropautics
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Filgure I. - High-temperature X-ray diffraction
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Figure 2. - Sectional view of specimen heating chamber.
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Figure 3. - Thermai-diiatation curves for i0 wrought heat-resisting aiioys.
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